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1571 ABSTRACT 

An improved hydrastat constructed on a silicon wafer by 
miuofabrication methods similar tn those used for intc- 
grated circuits and other dcviocs. A thin section of the wafer 
acts as a diaphragm responsive to pressure of ambient 
water. A 1cvc1 arm is aUixd at its first end to one point on 
the surfaa of tic wafer and extends over the diaphragm so 
anangcd that ?he lever arm will be forced away from tic 
wafer when pressm is applied to tbc diaphragm The 
second end of the lever arm is moved by the diaphragm so 
tba! it moves further from the wafer. by a factor of the 
mechanical advantage of the lever. W%cn the second end 
moves away from the wafer. it mechanically rclcascs a lock 
allowing an ord~ancc dcvia to which the hydrostat is 
attached to m 
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MINIATURE EYDROSTAT FABRICATED 
USING MULTIPLE 

MICROELECTROMECFiANlCAL 
PROCESSES 

. 
BACKGROVND OF THE IIWEM-ION 

1. l%ld of the Invention 
Hydrostats arc: used cxtcnsivdy in many uadasca weapon 

Saftty and Arming (!%A) Devices. As oppond to A pressure 
mwitch that completes an ekct&al circuit. A hydrostat is A 

matlAniclllprcssurc scn5attlarconvat5pr5surc dilwly 
into rmhaicaI motion. When pressure is scnsexi. the 
hydrosal will pafonn A mechrrnical funaioll in the opaa. 
tion of the S&A. ‘Ihis mcrhoncal fuoction can be the 
udocking of an S&A intazupu ardor pafaming ekcmi- 
Cal switcbiag. The bydrortat of this invention provides the 
fumtiondity of a traditional coavcntior~aUy machined 
hydro5Wonami.nia!urc5ak. 

2. Description of tbc Prior An 

Hydroaats ran fimction bdh AS a prcssu~c SCIWX and as 
A medsanical actuafor. as hydrostats are cutrently used in 
tu~dawatu adnancc S&A dwias. ln this applicadoo the 
hydrostaf provides A dirccr mechanical lock and positive 
safety mnuol on an ordnance wPmcad arming cydc until a 
prc&tctmined underwater depth is rurched. Such hydrostals 
are generally one-of-a-kind designs spccilic to unique 
weapon rqticmcnts and operational scct&ios. For this 

P 
~CASOD. these hydrostatic devices have little or no cotnmcr- 
cial marker value. 

Commacial hydrostatic pressure devices fall @marily 
into two catcgaics: (1) Solid hrte pressure sensas that 
provide only an electrical signal output that varies over a 
given prcssurc range and (2) RCSSLUC nvitches that provide 
A mcchnical switching function in an cl&rical circuit (i.e. 
a microwitch) at specific design pcssures. 

Pa51 and current Navy hydrostat designs UY realed evacu- 

ated metal bellows. silico~c rubber diaphragms. metal 
diapb~~gms. and pistons to provide this S&A future. ID the 
pan dccadc. buwcvcr. the manuf&g tachnology to 
pdua these hydrostatic devices has continued to decline 
rapidly. resulting in increased fabrication costs. 
Additionally. tbc oncz wide-5prcad cx@se mxdcd to 
reproduce current designs with metal bellows and 
diaphragm-type hydrostatic actuators has disappeared sina 
Lc modan columac~ market is focused only on ~SSllrc 
rcnsas and raritcbcs. The need ftr pIlrcly mtcbaniul-typc 
hydmsatic d&as persists far undawata adnana safety 
systems ip trdu to ptwidc a simple. s~aightfawud and 
safe WMU-de@ scnsa and direct a&g acUatcr which will 
aal dim3 eaviroonvmill matro1 ill tk wullcad mnillg 
SUpZOCC. 

In addition. me mxt gwmtion of Navy undmwtu 
adnassa systems requires mnsiduable ld0hdMiOSl to 
pdua weapons coqoacots &at ae wmpprble t0 l&l% 
d&c xystcms ill size. A4inianrlizatitnl of sdk.A mtnpe 
Dents helps to maxhnhc wmbaad payload apacity. 0a?ent 
llyhstm derigms cannot bc lnihmea to me requited 
design scquircments. 
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the wafer and rcsponsivc to the displacement of that dia- 
phragm U&J diffcting pressure axulitions. various fued 
supponing stnmurcs. and a mechanical release for trigger- 
ing further action. such as enabling the srming of an 
adn~~cc device or enablirrg a slider to move. 

T&o hydrostat leva conapt c&l Using the combination 
of the two const~ction process t&niques. An assembled 
lever concept uses discreeL fully released assembled 
components. and a prtially relcascd lever canqt uses 
components that remain auachcd at some points to a silicon 
subseAtc. 

BRIEF DESCRIPI-ION OF THE DRAWINGS 
FIGS. IA. IB. and 1C ate rcspactively a top view and two 

side view5 of A hydrostat using fully rclcaxd rr5anblcd 
component5 accading to tic invention the waft diaphtag-rn 
and A pivoted attachment of a bum to the wafa. The side 
views LB and 1C arc cross-seuiotud views IE~FMWCI~ 
showing the hydrostat not uodu pressure and under ps- 
sure. 

FIGS. 2A. 2E. and 2C arc similar to PIGS. 1A. 1B. and 
IC. except that the attachment is dxed. not pivoted. and 
elastic tasional spriags attached IO tbc bxro allow tic beam 
to pivot 

FIG. 3 is a pcrspcctivc view of the by&ostat shown in 
RGS. L4 and IB. and &wing its trigga in the non- 
actuated bcking mode. 

PIG. 4 is A paspeuivc view of A ponion of FIG. 3. 
showing the bytosuu trigga in the rclwed non-1-g 
mode. 

FlG. 5 is a penpccrivc view of hydrosta~ using the 
pa&lly released concept. as Bown in FIGS. 2A. 2E and 
2c. 

DESCRIPTION OF THE PREFERREL 
EMBOD-S 

The disclosui hydrmtat attbodiments can k consouctcd 
using micr~lcaro-m#hanid rnadti.uing proccsscs which 
have their c&ins in the Iotcg~atcd Circuit (ICC) manufaaur- 
iag tcchaologics. As such. these technologies provide 8 
tcchnolqgy with fabricstim processes that will k viable for 
tbc foreseeable future and be far m cc0nomical than rhe 
falrication pcesses used in previous hydrostat designs. 
The miuofabricatio~ technology is cutrcntly available from 
the MCNC MEMS Technology AppticAtioDs Ccntcr. 
Rcsurch -hia~~glc. N.C. 27709. and. M the time of this 
writing. is at lust pmially explained oa lbeir web home 
page (mp:/mcmsJncarag/). 

Bnladly spukiag. when the ossclnbled levu cooapt is 
u5ed.componcn~~~sdbymiu~~~ononolrc 
wlfb.radPctbcnrcluzeddmmchuw~~md~cdLo 
complete l peviousky partly compluai suucture on aouba 
wafer. whea the paltuy rduscd leva cnoccpt is used. au 
compooetus Arc ueated by micmf8ti0ri00 00 a aillglc 
wafer. thca parta of sane of t&se -a&s 111: &oed 
&om amuclion to Uu wafer. while otha pIN of the 
compa~cnts remain cmocUcd to the wafa. 

Fa the decucplating pears. the ride d tbc wafa on 
which umttuuion is to be done is &rst a~uUcr-pla?ed over 
with a titaaium laya 300 Angsuoms thick the0 a copper 
layer 5000 Aogsrcuns thick then A second titanium laya 
3oOAogsmns thick 7lscsc layus aa a a sauifldal maal 
wbi&cmurJymd * 

%+ 
eously be etched away to 

rclusc any nickel a nit alloy which might later ova- 
@ate lbt!m A g!btaresi~ hya of polymuhylmethrcryl 
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(I’MMA) is laid down ovu the sacri6cial laycrt and is 
milled to a &sired lfticknc~s. l’vtkallv 250 to 300 microns. 
PMbWis a phoraesisf when u&l in cku~cction with x-rays. 
Phorolirbograpbic tcehniques arc used to tetnove the ph* 
toresist in areas where a laya of nichl is desired. Then a 
layer of nickel or nickel-iron alloy @crmalioy) is ciccu* 
plated onto the exposed pations of tbe sactiftcial metal. The 
surface ic again milled to a rhickucss of 200 to 250 &roes. 
Ihe photaesisr is then removed The nickel patts can be 
relwed entirely a partly from the wafe by ranoving the 
saaificinl metal by cxposurc of fhe 58uiseial metal co a 
rcLasc solution of anunoaium hydroxide. hydrogen pox- 
ide and WSJM. Whether the nickd pant are rcluscd en&ely 
a partly depends up0tl the time of exposure to the nlease 
solution and the dismee drottt the nearest unpro(cctcd edge 
of the sacxiftcial metal layer. Large block of nickel take 
longer 10 release man lhia mips of nickel. II fact whkh is 
useful in pmialiy relultig a coluponenf 

Whctha the piutid rclcasc a the full relcrrc embodiment 
is to he used the silicon wafer on which the M sintctute 
is to be IocamJ has a thickness of born 300 to 500 microns. 
Fcferably about 400 naierons. b&xc furtbet processing. 
Ihe wafer is then coated on one surface widt a silicon nitride 
masking layer. and a window is qmled on fit81 suIf8ce far 
consb-~~ction of a diaphragm area. The wafer is then 
immersed into an etch bath and tbc dirptpagm is consmcted 
in the area of the window. The diaphragm wed is preferably 
rcuangular and has recmttgular side dimensions of about 1 
to S milkutcrs. peferably about 2% tnillimacrr oa ca& 
si4e. The rhichess of the diaphragm is controlled by eXp3 
sure rime to cbe erehing solution. The diaphragm has a 
thickness of 10 LO 40 microns. preferably a tbicknesr of 20 
tnicrons. When &he hydrostat is in large-sale production. 
multiple diaphigm arcat will be wet-etched into a single 
large wafts disc. which would latu be cut Qto many 
individual seetioos. each containing a single hydronat. 

FlGS. LA. IB. 1C. 3 and 4 illusaate a hydrostat made in 
accordma with the assembled lever conec+ FIG. L4 
illustrates a hydrostat lever mounted on a silicon wafer 2 
and FIGS. l.B and 1C illustrate this hydrostu in a side view. 
with the wafer shown in emss-section la uch of FIGS. LA 
lB and IC. a beam of lever w 4 is attached to the wafa 
by an af&chtnent point post 6. the post being lixedly 
attached to the wvrfa. ln Lhcse RGS. lA. lB. and 1C. Utc 
beam is !ixedly artlrched to the past. with a tbiuna p&t 7 
king provided on tbc beam whieh dcfm in spring- 
fashion to serve as a hinge aboln which the bum uII pivot 
up and down fm rarotiorrrl IIyNemcat d the heam. The 
thinner point 7 is a scbcmatic rcprc8tK8ti0ll Of many 
fmssibie ways f0r providing a wukr seaion. 

A pcs~n%ponsive diaphragm is formed by 1 rd8- 
tivcly thin saxion 8 of the wafa 2. A fOa 1. extends 
&wnwrdfromtbcbcdmhtihc-lb& 
mntact wilh ration 8 of the wrfff within the diyrhrr,gm 
when jxtssw is applied by me psessure in the uabimt fluid 
h~ whim the hydr0stat is submcrgeed. this pcss~ dc8caS 
the diaphragm toward me beam and this foot auses uparnd 
soutional mmfemcttt of the berm 

r‘ 

Guide posts If. also dxcay aaachtd to the wafer. pcveut 
side-t*side movctnmt of the bum cuued by l8Wal faas. 
A saxmd end 14 of tbe burn wbicb is at due opposite ad 
of the beiccn from me m~chmtnt point post 6. rises aad falls 
from the surface of the wafer with changes in pasmr: 00 Ihc 
diapllragm. ni.5 ltstaaial movement c# ed 14 can serve 
m a aigga to mcdmiaUy unlock I sdety on UI adama 
&via. me amount of movement of end 14 far l given 
UnolAs af pacure is a fuunuioll of the BdIMid l dwlb 
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la@ of leva pm 4. The prevntly prefetred emMdiment 
uses a system which provides 4.5 units of movement of end 
14 for 1 unit of movement of foot 10. rx a muvcment ratio 
of 4.5:1. The beam has a lcngtb in the range of 5 to 25 . . mrllrmcttrs with a value of 10 mUmeters in tbe pmently 
pefarrd eknt 

FIGS. 3 and 4 show the hyWstat of FIGS. l& lB and 1C 
ia paspative. This makes it dear that atta&ment point post 
6 is u&udy a post witb a hole down into it in fbe @ared 
c&odiment. and that guide post l2 is actually a pair of such 
g~~posUl2.AprirofpwgsUrrrdLSboldtbebeam4 
to post 6. Rang 13 (see FIGS. IB and 1C) extends into tie 
bole in post 6 and prong l5 cooperates with prong 13 in the 
umntte of an dd-fashioned &-wood dolhes pin to grip rhe 
post and hold tbe arm in pha. 

A riidiag tlemnt 16 serves as part of the trigger 
moc~m and is sfcssed to move in the direction of tbe 
urowiairssurfan.iffrrctoboso.End14afbcam4fils 
into a &tent 18 in the Wing element 16. preventing it horn 
sliding. when no pressure is applied. the sliding clement is 
lockrd in place by the prescncc of end 14 in its detent lg. 
When the ham is raised high enough above tbe surface of 
the wafer for end 14 to cleat detent lg in sliding element 16. 
end 14 comes our of detent 18. and sliding element 16 is 
released to move ia the direetion ia whi& it is stressed to go. 
ln armal ordaaDce devices. several releases may have to take 
place sequentia.Uy. indicating satisfaction of several 
conditions. before such release takes plaa. 

I! is now apparent that a particular function of guide posts 
12 is to prevent pressure from sliding element 16 from 
pushing the beam off-anta. 

ln order to CODSZIUC~ a hydrostat in aecordaaa with the 
assembled-lever concept. it is necessary to atate posts 6 and 
12 and di@r8gm 8 on one w&r. and to create tbc beam 
separately. usually on anothu wafer. tbce detah the beam 
from its wafer and assemble it into place. Tbc microfabri- 
cation tc&niques desaiid ab0vc gn he used to tuanufac- 
ture a heam on a wafer. then dnsch ir With watd~~~&~ 
precision. it is then press-M Q intctference-fit into place into 
posl6. and with a much looser fit between posrs 12 The 
hydtxxtat allows the beatta ot lever to &fleet upwards by 
voviding a deformable leaf hinge on the beam 4 and 
between foot 10 and posts 6A and 6B. 

Rcfcning now to FIG. 5. the entire smctum can altcr- 
audy be coosm~ctcd on WC wafer. Since there has not yet 
been my mass produaion WC can only guess. but we 
believe that rhe system of FIG. 5 might be mocc easily 
adapled to mass pl-odmiw. 

ln FlG. 5. Utc hyQoat& is construuctcd aeroding to the 
putidly rebrtcd amapt. The backside af the waft con- 
t8ins a di8phmgm 8 whim was wctttched pria (0 me 
~aofabridon process &saibcd above. Acmding to this 
coneep Ihe beam a ltva 4 is fitlly released. and is 
conntfSai by a fully lthscd torsion ttar ix torsional spring 
38 to non-released ticx posts 32 and 34. ‘Ibc guide postr 
12A md 12B me also non-relused pozlions. m putr of the 
pdally rekased hydroscrt are released ia a rimal process 
SUQ mat large pat5 rtmaia ulchaed to me wafer while 
sm8.uputs8lehlllyrelusodwhcrhMalld8pucir 
re&ascd depeadc upon wbe&u the release solution. which 
btgins fraut rhe edges and ucs inward. has had time to ad 
00 the 58ai6ei8l metal whici~ is under it. Narow partions 
such as the beam and tasion bat are released with ieSs time 
of CXpoS~C 10 chc nluv s0lttTi~ than m wider pns such 
as the anchor poatt and guide posts. Thic hydrosut dews 
the ban a lcvff to ddlectugaruds by poviding a defcm- 
able tasiatal spring hinge 38 u the 4t end of Ibe lev=. 
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FIGS. 2~. 28 and 2C Bow sin&u views fat the partially &scribed at the beginning of this spccitication excrcd those 
srlcascd mboclhcst to those shown in FIGS. IA. LB and achicvablc with slrmpcd or clcccrical discharge machined 
1C for the assembled lcvcr conapc. The pins correspond to produced pans. The possibility exists that as tcchoology 
those ShOWD for FIG. g. The tation~ bar !I@ rotates about advances. other mariais may he used far the diaphragm 
its axis &S prcssac is Bppli&i. dowing mOw?mcttl of the 5 ad Ihe Icvcr. Howeva. i~tegrafiot~ of he fabrhtion 

kvcr BS illus&nIcd in FIGS. 2B and 242 processes. and the alignment md dimcnsio~~al tolerances 
while h is 001 abscdutdy essential mal me wafer to be achieved with the clprcot invention usiag bulk miuofrb& 

used be made of silicon. Qc USC d 6ilicon Is a diaphragm cation dcsaibcd a the bcgiming of Lc spuiflcaIi00 flu 
material is desirable because of the compatibility of the resulted in sucussful production of the hydrow. Future 
G&pm f&&.&on witi me m&&b&&jm -ss to IO pdUCti00 Of fhis hydfOStat arill require Silbih fabrication 
be used Also. it b likAy that Ux diaphragm will be ia direct process integration and fabrication loIaanccs indepcndcnt 
contau with the oovironmu~t (suwata for our rppf&tioa j. of the makrials and processes used. 
Because of the diverse 8pplicdtions. the zilicon diqhntgnl wh&l WC ClaiJn as our ilJventioa is: 

will need to swive a wide rmgc of undaw~~~ ~~WWCS. 1. An improved ambient fluid pressure senxr fa deter- 
me f@es of &@e a~& sficon will enme be IS tninbg when a paietcrmined~cssurc surrounds the sensor. 

wrvivability of the diaphragm under these conditions. comprting 
Another conarn far undawrtct applications is the corrosion L a planar wafer. including a rclativcly thin 5euioo 
of the xuerial in contra with the mawater multing in surrounded by a relatively shirk section. 
faihuc of the component. Silicon has been 5how~ to have 
good msismncc to corrosion in scawdcf. 20 

b. a housing far the w&r. u) atmngcd that an exposed 
side of the wafer is cxpos~I IO the ambient Uuid and a 

The lcv.cr M beam in the prcscolly prcfarcd emb0dimcnts prorcctcd side of the wafer is protected from exposure 
is made of elcclroplucd nick1 or nickel alloy. The lev5 has to the fluid. whereby the relatively thin section of the 
hccn designed based on the Limited material propenics wafts is a di@ragm which is dcfJcucd by the prcssur~ 

available for nickel fabriratcd using this process. In the of the fluid. 
future. materials with simila stiEncss and higher yield 25 c. J beam extending just above the proteacd 5idc of the 
5xrenglh might akrnalely be used. wafer. having a Iir5t end of the beam attached IO a 

Anaba interesting feature of tbi5 design is the use of a ption of the rclativcly thick se&on of the wafer. a 
iCllf hingt M tDr5iOti spring IO prOVi& oUt+f-phnC mod011 serond opposite end of the hcam being free to rotate up 
of a microfabricatcd dcvia componcot. The springs used in and down relative to the sutfacc of the wafer about a 
microfabricated designs in the past WRC suspension Q 

ul 
point near the firsr end and an intcrsnc&tc heam point 

foided 5ptigs. The Ied hinge is an asscmbkd hydrostat mechanically arranged 50 that. when fluid prcssurc 
torsional spring, compoocnL The ability to produce semi- dcuecls Qc diaphaa~ the diaphgIrl causes a movt- 
rclcascd .struaurcs led to the development of the tocsioeal meat of the intcnncdiatc point. thcrcby causing an even 
5pring. Chronologically. the n*asscmbly-required. semi- 
rclcnsrd rorsional spring is an advancement over the leaf 35 

grcatu movement of the Kcond cod of the bcarn and 
d. 1 trigger lwtcd ~jaccnt to the second end of the beam 

hinge concept. wt~ercby. when the second end of the beam is moved by 
These hydrostats arc developed based upon existing fab a prcdelamiaed amount. the Digger is mechanically 

rkation proasscs. Alternative fabrication proce5scs may bc l caJalcd 
possible. atthough no other fabri&on mcthod.s have yet 4o 2. An improved hydro5t.u fm dctcrmining when ambient 
ken shown to cnablc the fabrication of this hydrostat ‘The water of a paictumincd pressure 5urround.s the hydrostat. 
main competing pmxsscs may fall into two broad catego comp&hg 
ries: i) material formiag ~oasscs where a pamrncnt 5bapc a. a planar silicon wafer. induding a rclalively chin KaiOD 
dmgc is impacted on a rtptiog blank of mataial. ad ii) s~~~ouodcd by a Aativcly thick section. 
micromechanical machining involving direct material 45 b. a housing for the wafer in the hydrostat. 50 arranged 
removal ~oasscs. tbal A Wd ride of tbc Wafer is aposcd lo the ambient 

ID the Urst category. stamping and punching me faming water and a dry side of the wafer is potutSa from 
pcccss &at might be most applicable fa pdudng iniutc uposw lo me WdCZ whacby me rddtivcly thin 
shapes from blank mataial having the tbiclcacss of bun&e& snctioo of the wafer is a di6ptnagm whose ddcaion 
of miuons. One uadc-off with Lcsc two passes is that 5n varies wiul me prrssurc of me ambient walR. 
they do not always povidc the precision nccdcd c. BB ataduncot device fixuay arlachd to a pAI1 on the 

h+fimxncchnical tmachining pcesrcs. the seaad com- s&lively thick saflioo d the dry ride d the wafer. 

Hog pass. may be placed into two lxtegfxics. TItc drrst 
catcguy is chiprnaking p~~~~sscs where the tool used to 

dabumateodingapproxim&elypuallcltothcplaneof 
the Mativdy chick rtcOion of the dry SIrface of the 

rcwrvcthcrpucria~afforrroafbcsmfr~~de 55 wafer. iwing a Urst end of the bumSxedly attached to 
JMtaial the af~dcmcnl d&a. a sccoad opposite end of the 

Exam@es of these pmccss types indudc: miuanilling. bcnmbcingfrcctomovcupanddownrcWivetotbc 
xnim. polishing. grinding. and diamond muhining. mtfacc cd tic wafer about a point near the Urst end. and 
Tbc rccood category is a forceless mss whcrc matmid a peint 00 the bum which is intamcdiatc to the two 
rcmwal is achitvcd by ch~miul. electn’sal. and thermal 60 ends being rneduiuily arranged so that. when the 
prcmxsscs. Examples of these process types indude clap diaphragm is dcJ%ctcd by inaccraing pcr5ms of 
rcaclh ion ad&g a otha fowsed ion bum proaslres. water. the movement d the dia#mp uuscs 8 movc- 
miRo-de~ul disdmgc mdsining. Md kSR BhldCMl Cl mcnt of the intumediatc point. thaeby calKing an CVCD 

4JlhcT ia6cr-bared pmccsscs. greater movcmcnt of the wand end of the beam. and 
Even if lbev proccsrcs wcfe compatible with the poduc- 65 c. a &igga loatcd adjacent to the second end cd tie bell 

eon of & &&agm the aligamc~l and dimcBdOB~ tol- whcrcby. when the sacoad end of the bum is moved by 
craace~ achievable with microfabrication g~o$csscs a prcdaemincd amdnr indicnting a pduamhd 
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pressure sutrouading me hydrostat. the trigger is 
me.chanicaUy actuated. 

3. A hydrostat according to claim 2. wherein tbc attach- 
ment devia comprises two post sections tixcdly attached to 
the dry side of tbc wafer and situated a distance apart from 
c.& other. and the post further corqaiscs a tardon bar 
having rwo ends. one end of the tasioa bar being fixedly 
mchcd to one of the post ~ectiws and the other cad of the 
torsion bar being fixedly attached to the other of the post 
sections. the torsion bar being o&nvisc free ham attach- 
ment to the wafa. and 

the beam being fixedly attached to a midpoint on rhc 
torsion bar. and b&g otber~ise free born atzachment 
to the wafer. so that. as pressure on the diaphragm 
causes the dia@ragm to push against the kam the 
tmioa bar twists. allowing tbc second end of the beam 
to move With respczt to the Wafer. 

4. A hydrostat according to claim 2. wherein the attach- 
meat device comprises 

a pm fucdly attached to the dry side of the wafer. 
a mcchaakal p7ip connecriag the post hrmly to the beam. 

iod 
the bcara including a thin springably deformable section 

near the post. which is &e&se free from attachment 
to the w&r. so thak as pressure on the diaphragm 
causes the diaphragm to push against the beam the 
deformable section bends. allowing the second end of 
the beam to move with resprxt to the wafer. 

5. An improved purely mechanical hydrastat for enabling 
arming of an underwater explosive device only when a 
predetermined depth of water is reached by detumining 
when ambient water of a prodetermined pressure equivalent 
to that found at the prcdetamioed depth surrounds the 
hydrostat. comprising 

a. a planar silicon wafer. including a relatively thin 
rectangular setion having side dimensions ranging 
from 1 to 5 millimeters and having a thichess ranging 
from 10 to 40 miuoes surrounded by a relatively thick 
scaion which has a fuU thickness of at Iesst 300 
microns. the relatively thin section having ken 
obtained by chemically etching material from a section 
of one side of a fu&thickiess silicon wafer. 

b. a housing for the wafer in the hydrostat. SO atrxnged 
that a wet side of the wafer is exposed to the ambient 

8 
water and a dty side of the wafes is faotected from 
c~posure to the water. the wet side of the waft being 
the side born which makrid was etched to produce the 
rchtivcly &in seaion. whereby (he relatively thin 

5 section of the waft is a diapbragrn whose deflection 
varies With the pressure of the ambient water. 

C. a post fixedly attached to 8 point 00 Ihe mlativcly thick 
section of the dry side of the wafer. 

10 d. a beam made from a metal coqaising predominantly 
nickal aad having a length of from 5 to 25 millimeters 
located just above the planat surface of the dry side of 
the wafer and extending approximately parallel to the 
plane of tbc wafer. having a tit end of the beam 
rowably aprctnd to the post. a sccoad opposite end of 
rbe beam being be to rotate up and dowa relative to 
the smfaa of rhe wafer about the binge pmion. and a 
point on the barn which is inlermediate to the two ends 
being mc&an.ically anaagcd so thaw when tic dia- 
ptuagrn is dcfleaed by increasing pressures of water. 
the movement of the diaphragm causes a movement of 
the intamcdiate point. thereby Uutsing a movune~t of 
the second end of the beam approximately 3 to 9 times 
the movcmeat of the diophnrgrn and 

e. a ttigger located adjaceut to the second end of the heam 
and atranged so that its movement is blocked by the 
presence of the second end of the &am at vay low 
ambicat fxessure. whereby. when the secwd cad of the 

30 beam is moved by a predetermined amount indicating 
that the pressure has risen to a predetcrmiacd level 
surrounding the hydrostat and thus that the hydrostat is 
in a correspoading prulctamiaed depth of water. the 
trigger is mechanicaLly actuated. thereby enabling artn- 

35 ing the undmwrter explosive d&cc. 
6. A device according to claim g whscin lhe rotatable 

attachment of the hrst end of the beam to the post is 
accomplished by a tbia deformable hinge poction formed in 
the beam ncu the first end 

40 7. A device according to claim S wherein the rotatable 
attachment of the hrst end of the beam to the post is 
accomplished by attaching a torsion bar between two pans 
of the post and attaching the beam to the torsion bar. 
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